WD 2006/ 049863 PCT/ US2005/ 037410 FLAME RETARDANT COWPCSI TES Ral ph Bauer
Dor uk Yener CROSS- REFERENCE TO RELATED APPLI CATI ON(S) [0001] This
application is (i) a continuation-in-part application of US Patent

Appl i cat i wp 2b6/dkdg3590, filed April 16, 2003, which in tPGAIS2605437410

non- provi sional application of US Provisional Application 60/374,014 filed
April 19, 2002, and (ii) a C continuation-in-part application of US Patent
Application 10/823,400, filed April 13, 2004, and (iii) a
continuation-in-part of US Patent Application 10/845,764, filed May 14,
2004. Priority to the foregoing applications is hereby clainmed, and the
subject matter thereof hereby incorporated by reference. BACKGROUND Field
of the Invention [0002] The present invention is generally directed to

flame retardant conposites o flame retardant

" conposites that include a pBF&%e}}gﬁégQB‘wgSMﬁSﬂ% a flame retardant
filler to inprove flanme retardancy. RBe t|on of the Related Art [0003]
_Wth rapid inprovenent in technol o he past decades, increasing
demand has been created for high pe ?8‘? Pﬁfe mat eri al s, |ncI udi ng ceram cs,
nmetals and polyners for a nyriad of applications. For exanple, in the
context of m croel eCROSSFRERERANEE TOMEKETEP APSEITABION(BY ate smal | er,
faster and nore sophisticated end products, which occupy |ess volunme and

operate at h@c@h]errh@uppn&aﬁon udgmsh@dtmsauoﬁhewn Ap@heiontdfMULPHerdensi ti es
further increaf heat genera oh of ten, . operating tenperatures. In
this contextAPpii¢atigad 0/ %ﬁfeﬂcﬁf%ﬁéﬁr?é’W ”I“*Hﬁb‘r“t“é‘ﬂt‘sﬁb‘?“ PT&¥FIEPY) concerns to

irml enent myerial; fruwr%v.@@ﬁiﬂaaqapngaamfe@rzhaw maat«xpmw'zd@zmmgw 049863
/ 052005/ 0 410 exenplary flanme resistance. Use fl'amé resistant

ackagi ng map#inuatics-inpaapplsaéon @)&é%ﬁat@taermh@tlﬁahg/&wwwﬁteﬁ Apribtiuct
desi gners haye, $peGifd &iMiRoRtn-fdalRud BRERAK %thaﬁr% ¢6/s4 $54, FRG EAP! €,

flame resistant tCﬁ r'mopl asti ¢ po%ymars are
14, 2004. Priority to the foregoing applications is hereby claimed, and the subject

matter thereof hereby incorporated by reference.

BACKGROUND
Field of the Invention

[0002] The present invention is generally directed to flame retardant composites, and
more particularly to flame retardant composites that include a polymer base material

and a flame retardant filler to improve flame retardancy.

Description of the Related Art

{0003} With rapid improvement'in technology over the past decades, increasing
demand has been created for high performance materials, including ceramics, metals
and polymers for a myriad of applications. For example, in the context of
microelectronic devices, market pressures dictate smaller, faster and more
sophisticated end products, which occupy less volume and operate at higher current
densities. These higher current densities further increase heat generation and, often,
operating temperatures. In this context, it has become increasingly important for

safety concerns to implement microelectronic packaging materials that provide



demand as construction materials. [0004] In addition, governnental

regul atory bodi es have: al so sought flane resistant -materials in certain
applicatbﬁpgm%g4gggt ever-increasing safety concerns. Ageqfithiglo¥741hhe

i ndustry has contihued to demand i nproved conposite materials, for

exanpl e, inproved pol yner-based materials that have desirable flane

r et ar dant racteristics. SU Y,. [ 000 Accor.ding t.o a spect of the
pr esent inv%gépﬁﬁ?%%"ngﬁémFﬁtgg%@ha"%éFV%%Fpm%a'n ??Fgmfgﬂ%$g§?ded. The
conposi t e | rehmplesmanpolayyrerwiiasgrodmt édsigabrs At pedifian®se of @hra¢ dant filler
provided in the pol nﬁk]?ase naferial, the flame retardant filler

cont ai ni ng SEEIRYMBEERRI e FAMP[Ce [IFRE BSHAMEPIRCPIASF ROy RS HEPect ratio of
not | ess th@Bmard 4 cohMRIcGEH InYatdd@ls. | ess than 3:1. BRI EF DESCRI PTION OF THE
DRAW NGS [ 0006] The present invention may be better understood, and its
nunmer ous objects, features, and advantages nmade apparent to those skilled
in the art BYPOAEARdsHEIPnE0 eHENeNtRE ExgHABtRY Padies B el g ualit Bloo P Fesistant 1 .
illustrates - . : ; ] ¥ mer. il.e according to an
erbodi ment - ar o Dl o SO P af s a

t her nogr avi recpidnghn dleysdustry Haapnofued tedtadnth oepmyddecorpositeguneray, fonal ATH

[ 0009] The use of .the sang reference s ols . in different draw ngs

[ ndi ont e s eRTar bR Ry LT H B ot st B obs RS ek 8005/ 03710
DESCRI PTI ONch¥raditiistieREFERRED ENMBODI MENT(S) [ 0010] According to one aspect
of the present invention, a flame retardant polynmer conposite is provided,
whi ch includes a polyner base material and a flane retardant filler.
Notably the flame retardant filler SukiMWIRE a seeded boehmte particulate
mat eri al having an aspect ratio of not |ess than about 3: 1. Typically, the

pol yner  basedsmakedriml td s &pfRbLEME BlesédiBiveltan, £AIMBFEdr&nt dIgRES | cance and
demand in industry,

composite is provided. The composite includes a polymer base material and a flame
retardant filler provided in the polymer base material, the flame retardant filler
containing seeded boehmite particulate material having an aspect ratio of not less than

2:1, typically not less than 3:1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The present invention may be better understood, and its numerous objects,
features, and advantages made apparent {o those skilled in the art by referencing the

accompanying drawings.

[0007] FIG. I illustrates a process flow for forming a polymer composite according to

an embodiment of the present invention.

[0008] FIG. 2 illustrates a thermogravimetric analysis (TGA) of seeded boehmite vs.

conventional ATH.

[0009] The use of the same reference symbols in different drawings indicates similar

or identical items.



but oftentines does not exhibit native flanme retardant properties.
Quantitatively, flame retardancy may be neasured according to underwriter
| aboratories test UL 94, —the so called vertical burn test. The UL 94 test
is carri edVBdPOWWIRETM D635 standards, and material s ar ECIIURBHWSA3IWP at | ng
based upon several observed characteristics including flane tine, glow
time, extent of burning, as well as the ability of the sanple to ignite
cotton. Typically, tBESERIPTHEN DEJEE PRERERRER EMBODINENEEY) and i n need of
flame retardant characteristics have a UL 94 rating of V-2 or above,

i ndi cating v@oad)i kbdoydin@ne @ QJct@if theGROEhtih @AGon, Adiieiredabn RAMEF €s of the
pol yner base material accordi ng to embodi ments of the present invention are

di scussed befJINPOSEE BProvided, wiieh inchidenepd yragreapeat aeidd 3d £ flpme Fetardant
particul arlyg }l&rh‘?\lo?ﬁ)%dtﬂg NaROFIMHiL? A fdts AsEedBRb&IAL ARERRA N L O

enbodi nents of the present 1 nvention contributes to si gn|f| cant
i npr ovenent mlatf:ﬁhbhmngenaspdarratyq oﬂ@ﬂ&iﬂthﬁcd@pm hg Typcalypthe polgmear f eat ure,

the seeded bpehm t artic teri at her .than boehmte
derived fr oanSd m§§ 'gl ﬁab’tag)’é'és@?lnr%s %%"trﬂ%téy?is”g'? Ec&\nﬁ%‘?nr?g emr?o??'“ '8%‘5&&

hydr ot her mal bidtro@ahtimsitdoanebt pxlebit pzitt\/&tﬂlaﬁiﬁ r@adawypertids. Qummsagl in nore
detail bel ow, enbodi nents of the prese i nvention denonstr at ed

a : %ave
exenpl ary f 'HReISAERFYTA% HE MEILHYRFOR Eﬁtor‘é‘l Frter deporiefies tshal M ane

retardant CcofReREAles vEMicalibiRY e e TREUT 08 BN ERar004 Ay ABBdeskaboehni te
particulate material is generally formed by a process that i ncl udes

provi di ng a Byrhist @dmasaistsans Sixee ¥oehgibagedypar seversl abseirspensi on, and heat

treating (SugfrRerlics W HAIDEIRBimd, LRAL RO tkeehDSr RHIRERAS WM @bt er nati vel y
| or sl urryeﬁ to convert the boehmte precursor 1nto boehmte particulate
Y

terial foraeltysf thegampledd igaitoeotiony Sypitdllivt s polpmentadéchgatenalaopar t i cul ar
aspect, the .ﬁ%?&% de. é‘éa‘df‘h‘dh%tr&% rd RCRL Ly s*t't@ssha%ef&JLaéd ihYoral.9npat ed

mor phol ogy, descri gene a ereinin aspect® ratio, described
bel ow. 3 WO ﬂ:@@ﬁ/nﬁkﬂ%ﬁ@ VHWMSR@@Bérﬁawbhalnohﬂm&ﬁtndﬁaéfeamrdm'ftheehm te" is

I h t t |
ochm e, bl TS OB A A SCaPEB NI 0 & Nty EHTEHE on the or der

of 15% as V\ﬂkdus@ﬁ bpis e o @b mirh €& thb Aum e get@adwafider, patitgaty, biegbeled t han
boehmite particulate material according to embodiments of the present invention that

contributes to significant improvement in flame retardancy.

[0011] According to a particular feature, the seeded boehmite particulate material is
utilized rather than boehmite derived from non-seeded processing pathways, including
non-séeded hydrothermal treatment and precipitation pathways. As discussed in more
detail below, embodiments of the present invention have demonstrated exemplary

( flame retardancy, even without relying on additional flame retardant components to

improve performance.

[0012] Seeded bochmite particulate material is generally formed by a process that
includes providing a boehmite precursor and boehmite seeds in a suspension, and heat
treating (such as by hydrothermal treatment) the suspension (alternatively sol or
slurry) to convert the boehmite precursor into boehmite particulate material formed of
particles or crystallites. According to a particular aspect, the boehmite particulate
material has a relatively elongated morphology, described generally herein in terms of

aspect ratio, described below.



15% such as 20-38% by weight. it is noted that boehmte (including
psuedoboehmite) has a particular and identifiable crystal structure, and
accordingly wunique X-ray diffraction pattern, and as such, is : :

di sti ngui r ot her alum nous materials including r.h ed
al um nas ‘i@g‘ﬂm&é& H (al um num tri hydroxi de) a conmon B?@@@?%’aﬁ#@@ erial
used herein for the fabrication of boehmte particulate materials. [0014]

The aspect ratio, defined as the ratio of the |ongest dinension to the next
| ongest di M8ASH otireerFp drefireits ds generat neserl bprgiade dendiealgming hydeategener al |y not

l ess than %élﬁdin%ﬂqneﬂgl%%gﬁrﬁiz%,gp%h{ 5&@@&6%6@% hélv'in:(l:'% a gategs%ﬁent poeed,

certain enbodi nents have ive ongat éd parti as not | ess
than 9:1, 10e otder @hld%,ns solies pasdbpehmote, hdvegs witancoh®nlhighrttttenpar ti cul ar

char act er | 2w Ch Bt B eheoeb. o €aushiarhabEEtdRY o det i ned a5 the

rati o of. t frespoansid) angesdrididransideniflabictcRAgtal htuctlrt,ang@asdordlhdiensi on. The
secondary aspect ratio is generally not greater than 3:1, typically not
greater thatiiguerX-rardidipgiprpatiery, andifg suchs is dptingtidhed fiogt other sumitpis secondary

aspect ratig,@denelRludhedesshidesd LiDGinGs A3k as ﬁ@ﬂtda%ﬁhuramwxweg; the
particles in a plane perpendicular to the | ongest dinension. [0015] Pl atey

or pl at el et costragerfepuasor matesig! ered berain Ifyr theafabricatior Pbbeshinétd patticuleteur e havi ng
t he aspect {g@t%iiﬁ? descri bed above in connection with the needl e-shaped
particles. wever, platelet-shaped particles generally have opposite ngjor
surfaces, the opposite major surfaces being generally planar and generally
paral | el t o[0ekghIheaspret ratip,rdefideli asitimratia dfghploagest eirneskiapadthpastti cl es may be

characterizgd havi-ng_a _secondary, as t ratio gr er than that of
needl e-shapg’ag%g?'{n ?gﬁl%rg?er%eélﬁgf gaf %f}ﬁ%lg{] ge{s)tg@rs"en "Han %ﬂgﬁby §?t|is,s rt}‘sa"ﬁch as not
| ess t han ahouind preferaidy neness tinat3:1,dss ot hanindeed] cerfyperataddinients idve short est

di mensi on or, K edge di nensi on, perpendicul ar . 1e opposite mmjor surfaces

o Taces. | ElGREFPTeaieh P sorh Fio e b s 0T BRBT St e By of e

seeded boehgisttRarpiar {.1 With pheicilE @fdrébke HBikedIE siaped Fﬁiclegmémﬁtlésmna erms of

particle size, nore particularl%, average particle size. Here, the seeded
CieHE

boehmi te paba ﬁ”_ﬂ”ﬂﬁréf‘j@’ agteftzss path r cifate tP§,Se°86‘é5rﬁ¥‘ri’5tPé°tfr6t?c_}M"P‘l’1 F-‘"ptﬂ@ Frtig seedi ng
pr octeslsI ( geéﬁﬁé £86hd 1Bngtr EmERSH b uRehitWbnlasditeh §bRt THEEYorddb@sRar ticle or
crystallite
Y ratio is generally not greater than 3:1, typically not greater than 2:1, or even 1.5:1, and
oftentimes about |:1. The secondary aspect ratio generally describes the cross-

sectional geometry of the particles in a plane perpendicular to the longest dimension.

[0015] Platey or platelet-shaped particles generally have an elongated structure
having the aspect ratios described above in connection with the needle-shaped
particles. However, platelet-shaped particles generally have opposite major surfaces,
the opposite major surfaces being generally planar and generally parallel to each
other. In addition, the platelet-shaped particles may be characterized as having a
secondary aspect ratio greater than that of needle-shaped particles, generally not less
than about 3:1, such as not less than about 6:1, or even not less than 10:1. Typically,
the shortest dimension or edge dimension, perpendicular to the opposite major

surfaces or faces, is generally less than 50 nanometers.

[0016] Morphology of the seeded boehmite particulate material may be further .
defined in terms of particle size, more particularly, average particle size. Here, the
seeded boehmite particulate material, that is, boehmite formed through a seeding

process (described in more detail below) has a relatively fine particle or crystallite
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WD 2006/ 049863 PCT/ US2005/ 037410 size. Cenerally, the average particle
size is not greater than about 1000 nanoneters, and fall within a range of
about 100 to 1000 nanoneters. O her enbodi nents have even finer average
particle 3WQa¥6/04186h as not greater than about 800 nanonCe&US200608410
nanoneters, 500 nanoneters, 400 nanoneters, and even particles having an
average particle size smaller than 300 nanoneters, representing a fine
particul at e sig! @eha@hlly, tHe averagd wirtic| €56l hondater tHanabax ¢ 0@@eanpakletscl € si ze
was | ess than égo nanonmeters, such as _wthin a rgnge of about 100
nanoneters t39 BﬁFMQSG”W5H§ﬂ¥¥%V@fOf%@f??mﬁﬁmﬁsg ehePRdimetthBaveayer age

particle sizgen fiferdS&shel RArRRNDLS hillasREEBME thdrOMBESH00 FandNEE Hodi Mensi on
of the particles. Due to the el ongated norphol ogy of the particles,

.convent i onalnhageragterst58P inzrameds. 8¢ AFIMSEYS, prd ¢em eRERIEY VB UEBEE t 0 measur e

average par tsriaﬁlc?asﬁezsﬁalléjrh‘@%o‘é%ﬁcﬁﬁ &b irép%sier?t L6 &%ngéteirﬁat&?aﬁ‘efna! ly based
unp es dre sp |~ or

upon an as tion that the partic eric near - spheri cal

- Accor di ngl y,ceaaieembedimpats, tthecdverage pativiasizdetelessi thed 0 ynat@kditerg, soth 4si pl e

representative.sanpl es. an si cal | ing the particle sizes found
in represenﬂﬁﬁWb%ggé ﬁﬁgﬂl@ﬁﬁﬁﬂgﬁﬁﬁ?@ggﬁﬁﬁg@gwgwg ¢h by various
characterization techniques, such as by scanning el ectron m croscopy
(SEM . [ 0018)01Thespreddendin, stecdedadeqattiviet sizep) dr dsed l deb &@e rhataeedagd has been
found to haye a fipe  average rticle size, while oftentines npeti ng
non- seeded %E%ﬁofggﬁﬁ WBaFegcg 5paé@ﬁ%r@??§”?%%8%%§F§“%?mﬁﬁ%§¥geng such
fi ne aver age@atialet,icoh@ndbiaeshardticringti hasthexXbayoik gerdefdllyahddeqiat: paicased €s. | n
this regard, it is noted that oftentines in the lite aﬁur , reported
Qarti cle si féf‘sra%rpénl‘igtS‘%"'ef'“‘f"’o“r"f“ﬁc‘FrrﬁZ"f‘H’étee?ﬂ?ﬂ%,g%t's BCAVEPHGEPAL N n t he
resent  sp@ghiipGat thaithe PatticlePdrb&gherital of @r-ShBligat A@Jormﬁlgﬁ{,raakragﬁnge of
particle sizes derived from C physical inspection of sanples of the
parti cul at e PREEISIzEVas detergHandhy toking multiglpaprigrentapyg melcs aed physigelin 1 e
Wi thin the peporhethe BRAR didds f¥ad H JeBlescldive BRTIERISL AmpRROME bEhe
arithmetic mdpoint of the reported range, for the expected Gaussi an
particl e si faken by garioppeharasteriz8ioattecinightsesushiad esopnningglearonon- seeded based
t echnol ogi es,; h fine particle size, such fine sizing generally
denot es theﬁvggﬁ?gf@%?%yof an observed particle size distribution and not

average particle size. [0019] Likewise, in a simlar manner, the
above- r epor [08i8]aShraeseniaiepdsd bgefmaifeaiartipulate material has been found to have a fine

average particle size, while oftentimes competing non-seeded based technologies are
generally incapable of providing such fine average particle sizes in the context of
anisotropic particles. In this regard, it is noted that oftentimes in the literature,
reported particle sizes are not set forth in the context of averages as in the present

specification, but rather, in the context of nominal range of particle sizes derived from

( physical inspection of samples of the particulate material. Accordingly, the average

particle size will lie within the reported range in the prior art, generally at about the
arithmetic midpoint of the reported range, for the expected Gaussian particle size
distribution. Stated alternatively, while non-seeded based technologies may report
fine particle size, such fine sizing generally denotes the fower limit of an observed

particle size distribution and not average particle size.

[0019] Likewise, in a similar manner, the above-reported aspect ratios generally
correspond to the average aspect ratio taken from representative sampling, rather than
upper or lower limits associated with the aspect ratios of the particulate material.

Oftentimes in the literature, reported particle aspect ratios are not set forth in the
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correspond to the average aspect ratio taken fromrepresentative sanpling,
rather than upper or lower limts associated with the aspect ratios of the
particulate material. ©tentines in the literature- reported particle
aspect r VP 3V6RHB6R0t set forth in the -5 WO 2006/ 04986 PAIARUSAODBI 037410
context of averages as in the present specification, but rather, in the
context of nom nal range of aspect ratios derived from physical inspection
of sanpl es mntelz(fﬁa\'ptag@iasdn mterwaﬁmebificatiQAcMndhmglnyhe tdneexavier age aspect
ratio wll ran or ar.t ghenerally at

Loout the aldrtnhutie S b AR G e SRR A Ploil TSty o @Rier ot L

Gaussi an pagdriclate MRteRROlARGYdHAEHL the Mbg@ﬁspe&trﬁtl@@lliﬁh&thﬂ@tthé/r@bé’rled whil e
non- seeded based technol ogi es may report aspect ratio, such data generally

denot es t hera[gigthey nrrﬁr?ﬂo&enaﬁ' %%8%8& aHRESE MHARQIBE Adihetrepasied Faieand not
average aspgeine er(gécteq oJUQQManlc% ;ﬁ@l‘tﬂhélbgﬂi gtgba%me%&atéﬁlﬂe%aﬁv%% average

particle size of the particul ate eri mor phol ogy of the particul ate
mat er i al yhlﬂﬁe\mtﬁpﬁmwazﬁﬁa(rcamleglﬁszrew liepert aspees rfo, sehdetafgeeerdiyr f ace area.

Here, the C&)mg[%mm\é I(?wg}‘lltnﬁ{)é'e par r\se%uap B4 LbH{‘I(!)A kzden%t ztivoera geas re

specific surface area o (e a e nateria ordin d“€nmbodi nent s
herein, therabeehmte particulate naterial has a relatively hi gh specific
surface ar ea, generally not | ess than about 10 nR/g, such as not |ess than

about 50 ess than out ecific
surf ace apﬂ{g&% [213 tloc?rslpeé: raEl%wtl creee Prﬂﬁg ¢ gﬁthgga 'Hﬁe %ﬁlﬁftl cle
si ze, generrabrlpyolb@eo&beparfmﬁatsmmfeaclenzg/rt&a‘urﬂfer cfmmmdizazemtwmm | ess t han
about 400 n2/ h as I han abqut 350 30 . 0021] Turning to
the detai | sPfi ﬁEFa[S? 6@%5 %9 yﬁwatﬂﬁgﬁ%tf‘g‘”ﬁw a&ﬁ'i['léff ‘J material

may be Wﬁn%@d-‘s&r’érss&blfcgﬁlﬂﬁééliréayof%d paPsRil At miteed| AccAtinpladmbRimshaped ‘
boehmte particles are formed froma boehmte precursaor, typically an

al uni nous  heati®thebochmit partingate mperial as girdlgivalydigthsperifie sefdserisal t r eat ment
as general | nerqg)s%t'lg@%ah@béﬁqo GPIIRRE Ys MR HRRLEAMN sERS L Vd)ﬂ@ ahove, US

Patent 4,7 . More speci ficalTy, the boehmte particul ate materlal may
be formed Wt@éﬁﬁbﬁmiﬂwt Phan”/ebSenereeifigisuitase 8tp ismtinpisatatipediclseeds in

suspensi on, . EXPASLNA s JURRRNS. og]Lner(aﬁ%v& ELARA R Meei0ha ST UTTY) O heat

treatnent t O ause conver on o
embodiments was less than about 400 m%/g, such as less than about 350 or 300 m*/g.

[0021] Turning to the details of the processes by which the boehmite particulate
material may be manufactured, generally ellipsotd, needle, or platelet-shaped
boehmite particles are formed from a boehmite precursor, typically an aluminous
material including bauxitic minerals, by hydrothermal treatment as generally
described in the commonly owned patent described above, US Patent 4,797,139.
More spcciﬁcally, the boehmite particulate material may be formed by combining the (
boehmite precursor and boehmite seeds in suspension, exposing the suspension
(alternatively sol or slurry) to heat treatment to cause conversion of the raw material
into boehmite particulate material, further influenced by the boehmite seeds provided
in suspension. Heating is generally carried out in an autogenous environment, that is,
in an autoclave, such that an elevated pressure is generated during processing..The pH
of the suspension is generally selected from a value of less than 7 or greater than 8,
and the boehmite seed material has a particle size finer than about 0.5 microns.
Generally, the seed particles are present in an amount greater than about 1% by

weight of the boehmite precursor (calculated as Al;O3), and heating is carried out at a
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into boehmte particulate material, further influenced by the boehmte
seeds provided in suspension. Heating is generally carried out in an
autogenouag)gylronnent that is, in an autoclave, such that an el evat

pressure 'S YeH&P5t%d during processing. The pH of the BGLYSHEHEH4 V%

generally selected froma value of less than 7 or greater than 8, and the
boehm te seed material has a particle size finer than about 0.5 m crons.
Gener al ly, t'Fergaer geaterittanabowld0s Bxant erealcaanpithi 2gFedt%F t han about

1% by vei ghtre s tﬂﬁ%b@&%ﬁ“@ &n Jt% s2RE }G{é L G MRl 25si ALZOR) gretftd heati ng
is carried out at a -6 WD 2006/ 049863 P US20051037410 tenperature

great er thaﬁhabdmmt%BﬁCHOQQSHNasmgwea@Hhmvﬂamldﬁ@ﬁt 125C, or even greater
t han about 130C, and at a pressure greater than about 85 psi such as

‘greater gar ’ F ?rQCtp@t'e’maileQ\Qﬂ ﬁ%y;bebgg?cea\[e%rlv it & %Ed {\1) gpt 110 psi.

[ 0022] The Rte“matert a abricate
hydr ot her n’alcondmmds ctombm;:dcxottfm«alatadlwmwrsetcbm@ltva}edtryd alccoiw ;slé,edqunglg,luevel s and

“acidic pH, re ere tla rowﬂ ne axi s or
two axes. 8?”%@% 8&%8 Wﬁ%m“f 85§ﬂ%ﬂ?ﬂﬂﬁﬁ“%8mﬁszﬂn$5?§f8§ﬂ%@?even | onger
and hi gher a&pe:cetm may bouset td dsreddwebm lbger PRt Riplodr @speandii®sf thas@amiparti cl es
in general. % ﬁﬁ ol | owi n eat treatment, such as by hydrothermal
treatment, LAHCHSEAHPTABLINEFIT 8 he i quid content is generally
removed, such as through an ultrafiltration process or by heat treatnent

t o evapor at god2Be FoRsWihg hey trE{ltﬁhHiltﬁsucﬂ' Beb)eﬁ\)fdtrcﬁﬁennhhecatlﬁaﬁLHnH bBghniRSS i S
generally crushed, such to nmesh. IS Hoted t hat the g%:tlculate si ze

descri bed hé‘rP'éYeﬁS‘%‘bH}é‘rrlél”I‘VOB@E‘c'Ffo’%&"”ﬁ“ﬁ%ﬂ%‘ie glueh 2y Peaugh e pIEalEaYMed t hr ough

(processi ng, pradefieds bl adt tlelteAQE e QYBEESthWRINGhiRBYq i@ MRhdiedflr, GRY t ai n
enbodi mrents (e,g., for those products that call for and aggregated

material). [DUBUE mestiseandushed suhde AEP Beshhyt isnated thas dxwattisyatst or s,

several varipblieg ipByhdibn ﬁénaf:yuyIda@rlgé&rth@gngub@ryaamﬁmgu%u he boehni te
raw material, to effect the deSired norphology. These variabl es notably

i ncl ude t he Puasessine, rather than theaggregatespHech may e injggietimEmeodynertur sor to
boehm te seed % Fo?ﬂ]ogé‘él%hﬁéﬂé Rht bY RS aRG @ﬁ@g‘é%a‘?&la cid or base wused during

processing e relative p the tenperature (which

is directly proportional to pressure in an autogenous hydrotherma
envi ronnent J0084] According to data gathered by the present inventors, several variables may be

modified during the processing of the boehmite raw material, to effect the desired
morphology. These variables notably include the weight ratio, that is, the ratio of
bog;hmitc precursor to boehmite seed, the particular type or species of acid or base
us&i during processing (as well as the relative pH level), and the temperature (which
is directly proportional to pressure in an autogenous hydrothermal environment) of

( the system.

[0025] In particular, when the weight ratio is modified while holding the other
variables constant, the shape and size of the particles forming the boehmite particulate
material are modified. For example, when processing is carried at 1 80°C for two
hours in a 2 weight % nitric acid solution, a 90:10 ATH:boehmite seed ratio forms
needle-shaped particles (ATH being a species of boehmite precursor). In contrast,
when the ATH:boehmite seed ratio is reduced to a value of 80:20, the particles
become more elliptically shaped. Still further, when the ratio is further rcduccdl to
60:40, the particles become near-spherical. Accordingly, most typically the ratio of

boehmite precursor to boehmite seeds is not less than about 60:40, such as not less
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directly the system [0025] In particular, when the weight ratio is
nodi fied while holding the other variables constant, the shape and size of

the part ¢ ing the boehmte particulate mtferia yfhed. For
exanpl e, WZ@G%&&E&ESQ ng is carried at 180C for two hot?gflﬁﬁﬁgﬂ%ﬂg\gi ght %

nitric acid solution, a 90:10 ATH boehmite seed ratio forns needl e-shaped

particles ( i eG| of bdehmte rsor ontrast, when
t he ATH: boet rrﬁbt%g{ i@%(ﬁorf&@fz :bo R A R %degﬂﬁg’fkggﬂlg%levgk%&oﬂi e particles
beconme nor ehefihd piriiaddtt mogthapedthaSisidediretl thd Weight ratie of idekmiitapteours& f ur t her

reduced to 0:40. the particles becone near-spherjcal . Accordingly, nost
typical Iy tREFURIGSe ‘%‘P%"d‘éﬁ pet %?aé?fﬁ?aé‘ﬁo%‘g%ﬁoghéﬁ'?'eB?égH% es not |ess
than about BRpde, HURHRS iNOEight8sR geheMB RORELI4HBEGRCWHIS4005/ 037410

t han about 70:30 or 80:20. However, 'to ensure adequate seeding levels to
pronot e t hedeLica® iparcighepliagencrdydhoregy awpetatiocs desired, the weight ratio
of boehm te precursor to boehmte seeds is generally not greater than about

99: 1, or 98pghe) Bashet, OMerd M€ typk BF RIPHKhse RM IR Gink the Wi DiridbRt | O
general |y increases aspect ratio, while a decrease I'n weight ratio

gener al | y dwopterisiad skappéecg., asatt mtio] 901263e of thetpadic|eswhreaffetted. Fyrpe of acid or
base is nodjfjed, I . her varapl tant.. the shape (e.g.,
aspect rati%‘)ahgﬁdwgglz@b%?gwg C%%'E?P%tlagslb(greef&ztfv f glgp 'ng‘ﬂ @‘ or exanpl e, when
processi ng ASHbaehmiedseoditatiabf 1O OCinfaok weight %aaitris acidl sdlutéom, thATH: boehmi t e seed
ratio of 90:10 in a 2. weight %nitric acid solution, the synthesized
ot ot es avaingutarafioS aibmmes Bragsh- i Briopkad Mumdl 1l ac a 1<

subst i It ut edsu%ttuh‘ted'l@ﬁthlﬂ?chIat Q&Mdﬂnﬁf pacig?twei\c;gh&s, %@@ndhﬁﬁz&d ptahelﬁgwﬁt hes; Ze((JI:I p
particles are eneral |y near spherical. en wei ght % or hi gher of H (
is utili zeoﬁe“frﬁgy "?{/ﬁﬁh‘i@%ﬁ'z%‘%gﬁ‘tcﬂ%ﬂ‘e"’sO'B‘é%‘Sh?e’Z Yehiardlzeq. Heedl e- shaped. At

1 vei ght % dafelifeddfatifties b eHRErRRS LML sRapeli] At Sveithobathigagl - Shaped.
Furt her, w{yﬁ usle _gp? actS)asi cwsséoél urt??%n, ssu%{? as | v(\ieiaélﬂh ht %IK&-I,’ t he

synt hesi zedhpamthesizedpasticdesraplatelst-shapegh deprther with wsspfrhasisfsoluien. ds and bases
I's utilizedy, SUChu@snd oo WRH9Nhe Ittt 16 V81 ABfer- Mapld i LrnBRIHor t hE
nor phol ogydgglg thews nt hesi z’ede Ségrt |'cf!12%rt|9:se 8@ el et - s?ﬁapeda.m o

acids and bases is utilized, such as | weight % KOH and 0.7 weight % nitric acid, the

morphology of the synthesized particles is platelet-shaped.

[0027] Suitable acids and bases include mineral acids such as nitric acid, organic
acids such as formic acid, halogen acids such as hydrochloric acid, and acidic salts
such as aluminum nitrate and magnesium sulfate. Effective basés include, for
example, amines including ammonia, alkali hydroxides such as potassium hydroxide,

alkaline hydroxides such as calcium hydroiide, and basic salts.

[0028] Still further, when temperature is modified while holding other variables
constant, typically changes are manifested in particle size. For example, when
processing is carried out at an ATH:boehmite seed ratio of 90:10 in a 2 weight %
nitric acid solution at 150°C for two hours, the crystalline size from XRD (x-ray
diffraction characterization) was found to be 115 Angstroms. However, at 160°C the
average particle size was found to be 143 Angstroms. Accordingly, as temperature is
increased, particle size is also increased, representing a directly proportional

relationship between particle size and temperature.

[0029] The following examples focus on seeded boehmite synfhesis.
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(0027] Suitable acids and bases include mneral acids such as nitric acid,
organic acids such as formc acid, hal ogen acids such as hydrochloric
acid, and acidic salts such as al uninum nitrate and magnesi um sul f

Ef f ect i veWS23W8/0498¢3 ude, for exanple, amines including Eﬁﬁﬁﬁyﬁy“ﬁﬂ%blr
hydr oxi des such as potassi um hydroxi de, al kaline hydroxides such as

cal ci um hydr oxi de and basrc salts 0028] .Still further, when tenperature
is nodified]l g Hpglasrshapedparticlesybesiconst ant,, typical |y changes are
mani fested in partrcle si ze. For exanpl e, when processing is carried out

at an ATH: bagfm tae SeRvE Mat haffed WinTN21 19, m,?ydmngdﬂ&runﬂndmr L&romigé d
solution at 150C for two hours, the crystalline size from XRD (x-ray

di ffraction RuFEERE O AkoRI2 'Mﬁbqebuﬁé obigingd fremsS AfYs tndsnihe nrivgever, at

" 160C the avejages ALkl 28 SIS Lol e B4 ANOSLI AR o fRECT di ngly,

as tenperature is ‘"increased, particle size 1s also increased, representing
a directly pmdpadstlh ohzﬂwt"/(rretlnatacrdnﬁm q;»eunottmmrparsbcrcddenssnzef hnadvater

t enper at ur e. e f.ollow exa s.focu n seed boehm te
syntheai 5. - 8 OUBToR0RF 0Bt et BB aR PRy FPuBE R B TS

Pl at e- shapedvdia@nhd pbiessaynhiiesiige. [ 0031] An aut ocl ave was charged with 7. 42
| b. of Hydral 710 alum num tri hydroxi de purchased from Al coa; 0.82 | b of

boehinite o SAS er pseudoboehmi t e;
o0 5 I'b of day @hf?ﬁa%{%mé 6%%‘9 mé%%&nmﬁwaw% %dea“d wHEHAY | b of
22w % ni t ri chaedntherafdie flr@eHdOIstve thhisrindr 8580 rpsi einse@ebgkmbudlyldendddted he wat er
and 0.18 I b of the acrd@efore adgcg to the Lum num trihydroxi de and the
remai ni ng \RESEF AFAPOBLLEISSH Yan rRAFAF %dd’éam‘[”@ Jperepfer fhnkoelmie was heat ed
(;0 185C. OVQi'isp@rsr@ﬁvJﬁkPé!ﬁ@ve@%rnQﬁieﬁMtIMWh@rlaO@dlaaé the bRalf thcaoPREat ure for 2
ours with stirring at 530 rpm An autogenously generated pressure of
about 163 p@boukd8 Thediamidronisal Wasirpinayedaia terpsrabing 064> EhEhaysesait e
di spersion vas, r@mm@dtmm elO@Wte@ﬁ:lﬂ\é%SAAthtﬁerreﬁH’ttaﬂgJo%@r JAGppid of the
sot was about 10 The content was renoved erature of 65C.
The resul t af@ m*teadsverags Perrtlglshed (feneth)ewas vithama BOGe pfeadhut l‘Sﬂéo B¥mmof t he

resultant p e R/ g. Average particle size (length) was
within a ra(r%\ée%% bout%[éj% E%) 0 nm .

[0033] Example 2, Needle-shaped particle synthesis

[0034] An autoclave was charged with 250 g of Hydral 710 aluminum trihydroxide
purchased from Alcoa; 25 g of boehmite obtained from SASOL under the name--
Catapal B pseudoboehmite; 1000 g of deionized water; and 34.7 g of 8% nitric acid.
The boehmite was pre-dispersed in 100 g of the water and 6.9 g of the acid before

adding to the aluminum trihydroxide and the remaining water and acid.

[0035] The autoclave was heated to 180°C. over a 45 minute period and maintained
at that temperature for 2 hours with stirring at 530 rpm. An autogenously generated
pressure of about 150 psi was reached and maintained. Thereafter the boehmite
dispersion was removed from the autoclave. After autoclave the pH of the sol was
about 3. The liquid content was removed at a temperature of 95°C. The resultant mass
was crushed to less than 100 mesh. The SSA of the resultant powder was about 120
m?/g. Average particle size (length) was within a range of about 150 to 200 nm -

according to SEM image analysis -

[0036] Example 3, Ellipsoid shaped particle synthesis
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according to SEMimage anal ysis. [0033] Exanple 2, Needl e-shaped particle
synthesis [0034] An autoclave was charged with 250 g of Hydral 710 alum num
trihydroyj de rchased from Al coa; 25 g of boehmite objaj ASOL
under thé’%’é’ﬂ@gﬁsgt apal B pseudoboehm te; 1000 g of dellg n/i%%bgg/\é\ﬁ?leors; and
34.7 g of 18%nnitric acid. The boehmte was pre-dispersed in 100 g of the
wat er and 6.9 of the acid pefore di 0 e al um num tri hydroxi de and
the remi ni[ﬂ%”_ Tpput ﬂ’e&ﬁsﬂh?rﬁﬁo‘é@]ﬁ @?%%@&%Q\%“Wgwm ifo 180C, over
a 45 m nut ey RalEQCkA BRI $¥ AbMREhmA otk il HRTDREOL WheeftRd nAmdlOUrs with

stirring at 530.rpm An autogenously generated pressure of about 150 psi
was reachedCaigrk! Bepseidapordmite THOP exff duenizadevaretdi Al ¢ ¢ of Sdeniictidvas renpved
fromthe a . ) Y - out 3. The

[ qui d cont i oogliBie Gl GE- kRS 180 L DEWBUaRL ol 0B PEL BRI rase” vas
crushed to dddswg to teralub®Oumesiydrokie a86Ae oémdileg mesuhidaaeid. powder was about

120 nR/g. Average particle size (length) was within a range of about 150

to 200 nm rding to SEM i , ysSi s 036] Exanple 3, Elljpsoid
shaped part[lﬂ@%i ilben Oeciz}vse W @g%%elﬁgg% 09)9%%%9 tﬁ%‘ﬂ?&é‘f’g@“ﬁﬂﬁ”ed[ 0037] An
aut ocl ave washa hadpgeturaidrd 126 vgtrodtirdgdit 830 B0 Aalaumk o1y igkdvydéoXi de

pur chased from Al goa; ?208'0f boe%gi@e obtain frgm SABSO_ under the nane--
Cat apal B pREITHGIR&ML{ &2 PSI 36D 5ot 4 BANZEgdwHEERTedRgbeEimitey of 18%
nitric aci dispefdich PRABALIA MRS thefaBroelh &P AR tdchvd 4R 8 &fchd fg wagt er and 15. 3
g of the acichefore, adding to the alum numtrihydroxi de and the renaining
wat er and atPHt 4-[The Hepid vRrter yas cgraaved Mstern@ea%té@qf\éfﬁi@:e resykiant @ass ni nut e
period and PRI i RLARAesshant 108 sk TS SR WF the rultaht BONAS WhstBotisg ring at 530
rpm An autogenously generated pressure of about 120 psi was reached and {
mai nt ai ned. nThekesdge earticlsizedlehgin was vdihsperasgaoef ahad 158 kR r om t he

aut ocl ave. Qv H of the sol was about 4. The liquid

cont ent vvaséééer%\gggggﬁ 'g]agee%rrtplﬁrsgture of 95C. The resultant mass was
crushed to |l ess than 100 nesh. The SSA of the resultant powder was about
135 nR/g. PR3N digemplerd. NehreSpher Bs within a range of about 150
to 200 nm

[0040] An autoclave was charged with 165 g of Hydral 710 aluminum trihydroxide

p Y] ."L’:).

purchased from Alcoa; 110 g of boehmite obtained from SASOL under the name--
Catapal B pseudoboehmite; 1000 g of deionized water; and 35.2 g of 18% nitric acid.
The boehmite was pre-dispersed in 100 g of the water and 30.6 g of the acid before

adding to the aluminum trihydroxide and the remaining water and acid.

[0041] The autoclave was heated to 160°C. over a 45 minute period and maintained at
that temperéture for 2.5 hours with stirring at 530 rpm. An autogenously generated
pressure of about 100 psi was reached and maintained. Thereafter the boehmite
dispersion was removed from the autoclave. After autoclave the pH of the sol was
about 3.5. The liquid content was removed at a temperature of 95°C. The resultant
mass was crushed to less than 100 mesh. The SSA of the resultant powder was about

196 m?*/g.

[0042] Turning to the polymer base material of the composite, the material may be
formed of polymers including elastomeric materials, such as polyolefins, polyesters,
fluoropolymers, polyamides, polyimides, polycarbonates, polymers containing

styrene, epoxy resins, polyurethane, polyphenol, silicone, or combinations thereof. In
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according to SEMimage anal ysis [0039] Exanple 4, Near Spherical Particle
s\nt hesis [0040] An autoclave was charged with 165 g of Hydral 710 al um num
tri hydroxi de Eurchased fromAlcoa; 1 10 g of boehmte obtained from SASOL
under the WRARL04E343 ¢8Papal B pseudoboehnite; 1000 g of dei oAGHAIS 28/ @7410and
35.2 g of 18%nnitric acid. The boehnite was pre-dispersed in 100 g of the
water and 30.6 g of the acid before adding to the alum numtrihydroxide
and the renapt mmméarmmbnquwbc pgloog LonpThiE infprmed efsdiopas shiegitced to 160C,

over a 45 mE‘lH&Smg:egho?gH]&ﬂgﬁ el ﬁ@dn@eﬁh he efallghed Eg@ﬁﬁc%%‘gés Q0 P@ > hours

Wth stirrin ogenously generate ressure of about 100
psi was r eacfegednsngrearmuaprgechsildtaec eahdrears hhen@fwebtmnh@romssmmarw on was

d f t I Af t t ocl th H of t I bout
375, The || gtk oot Pendve B 4P 5N nporaltr 96 IEB e ccul t ant

NMass was Crugloggk 4nd da@Bged by pm&uma&bed oneroS% cefalysheExe@plhtsatongowder was
about 196 n?/g. {0042 Turning to the ynmer base material of the
‘conposi te, tReY HEtUWEVEYIRPRY! ’b"éhyl%'@f‘%dp%h‘e”%‘l”flhﬁyé"@ﬁdﬁ”ﬂﬁf‘ﬂd‘@l"&%‘t oneric

materials, sygRa@s oPANRKLOENRerePOIFRRERLSNplef INHRABORYYEELSmaRO! Yam des,
pol yi m des pol ycar bonat es, Bol yners containing styrene, epoxy resins,

pol yur et haneestgsotthashadspoxssiubstiéepbsiloganes ottfing geTtisHiar erkadinodnt, then 10 WO

2006/ 049863 RGTl, %@gjgé %ﬁ%ﬂ%ﬂses%@l q%wmétﬁw ST, IR er Hmafuaol ymer

conposite is for one I‘cone astoner I cone gels.
Silicone, si¢mesireed| ths polywer, coapdsitsidomposes dge¢tbylrm9r09@ Sllbmnmalmlg@]eng

vl ous o 9200 L O R0R- TRIAPRLS,NANG, LG el HRREHERC RS =LY
gr oups and cdétwhtyzed usi ng pl ati num based or peroxide cat al yst. Exenpl ary

ilicones may include vinyIpondinethyIsionane polyethyltriepoxysilane,

di met hyl hyd si | [0 inations,t rther exarrpl es
incl ude ali p@&gﬁ Aspg?t(s)o én‘esent mtve 'F%n a{c}_’)artlcularr| usgfofc f’or %oLf Scfr f’sut ed
si | oxanes. |matetidls par td ﬁ.dulhaVe arﬁhodlrm@fcﬂantdretarqmbymh a6 HEPORIlfrRerc ONPr i ses

Compos e colfiPEes PAPRETRITTeR QR SgBRr el chenran e TUge o eioh, © PO YTE!
has been characterized as having a native flame retardancy of V-2. Accordingly, as a
subset of polymers that benefit from flame retardancy additives according to aspects
of the present invention include: non-chlorinated polymers, non-fluorinated polymers,
and may be selected from the group consisting of polyolefins, polyesters, polyamides,
polyimides, polycarbonates, polymers containing styrene, epoxy resins, polyurethane,

polyphenol, and combinations thereof.

[0044] The polymer composite may comprise at least about 0.5 to about 50 wt%
( boehmite particulate material, such as about 2 to about 30 wt%. According to one
feature, exemplary flame retardancy may be achieved even a low loadings, such as

within a range of about 2 to 15 wt% of the total composite.

[0045] Oftentimes the composite material is in the form of a component (cured form),
and may find practical use as a pé!ymer structural component such as a construction
material. Typically, the polymer base material is combined with the boehmite filler
material to form the composite, such as by mixing the components and, in the case of
structural components, followed shape forming. Shape forming would not be

" required in the case of coating compositions.

-1 -



gels are of particular interest for tackiness and may be fornmed with
addition of a C diluent..[0043] Aspects of the present invention are .

parti cul for poI ynmer base mterials that do not have a natl

r obust f%ghéoog@?%# ancy, such as those polymers that hRFE/ESHP4E410
retardancy of V-2 or greater. For exanple, Nylon 6, noted below, has been
characterized as having a native flame retardancy of V-2. Accordingly, as a
subset of p&%weT%mtnmaeF%He@pmocwéqﬁfwnan@ap@waﬁrcraawnaadﬁwhvég accor di ng
to aspects EDPESRENEnd DS hAMWitSlHE R RQRe GIHiONIk R YATET S,
non-fluorin t d poS rrergcn] " 19 may be Hg‘%{egctced fr%ﬁntﬁé Qﬁéﬁgs céc}lﬁse{ftl ng of
pol yol ef i ns motsd pelytrer sqm[pmletytas’rfodresd by ip@ktyonmadmg. ;Ed)(l]ybaafthd}srth& es, polyners

t t I th I
Como nat 1 and Lher o P B S PR SRR e By BRSA b eB e st
about 0.5 t andp@eetrtloniforatme forithepapalar end @k e ARRt e ibad, nyfadraas about 2

to about 30 wt % Accordi ng to gne feature exen‘PI ary flame retardancy may
be achi eved M&ER! 8 rddried defiitsd by siratxiag withibpen ur}damj’é'oaf loghiggt 2 to 15

wt % of the fQtgl Tﬁ@ﬁﬂéﬁ@ieﬁ%yloh%éﬂﬂe@%h@ﬂ%kﬁﬁﬁdWf%n%%ﬂ&%eh%xmtaéﬁ' al isin
the formof a conponent (cured form i nd ractl cal use as a

pol ymer st r vdialirasg thewegedaseand dgthﬂmﬁnal trbﬁwrtﬁmﬁoanc patngactio . Typi cal |y,
e PoLYer RSy TR ke °§‘5&°‘3@!‘2M %Lg'fcg&‘?o&%{?gﬁatl Foy'thd hBlngmat €71 @l Lo

formthe conposi h& case of
structural oorpsnd@ht saméujixrlgemdnshaﬁgufanbmmagvarshaﬁ@yﬂqrendmg upaouthel not be

dint ti ti WD, 2006/ 4 86
BT US2005! G720 PGt s PGPSR e e ieg ASIESC PRI Gy
pol ymer conpaagidcyi n which a polynmer base conponent is conbined wth g

boehmite. In the particular process flow, a nolded polymer conponent is !

6 based ol JHED EQRsRedte "heareniptepeife ond FrR BRERRbe Po: B Yoot ri ¢

confi gur at i @électéddofor fifthe ﬁﬁdr(ﬂdneylieéﬁngemd/t %Seﬁnd SAst.des aeddiedhapsty | on- 6 raw
material is first dri ol | owed blyg )Sefng W th_boehm te under various
e% BEehrret

| oadi ng | eddicanativglyr t?(%sdw'ﬁﬁ‘?ebﬁ ineboghmife-o khe FARES 467 or m
pel letized extehuedt®sg to UL 94V, utilizing the classifying criteria below in Table 1.

[0048] Table 1

Criteria Conditions 94V-0 94V-1 94V-2

Flame time, T1 or T2 <10s <30s <30s

Flame Time, T1 + T2 <50s <250s | <250s

Glow Time, T3 <30s <60s <60s

Did sample burn to

holding clamp? No No No

yes/no

Did sample ignite {
cofton? Yes/no No No Yes

[0049] As a result of testing, both the 3 wt.% and 5 wt.% loading levels provided the
highly desirable V-0 rating. Such exemplary flame retardancy is notable, for various
reasons. For example, the V-0 rating was achieved at very moderate loading levels,
and without inclusion of additional flame retardant fillers. It should be noted,
however, that additional fillers may be incorporated in certain embodiments to
achieve additional flame retardancy, although the particular seeded boehmite material
described above provides a marked improvement in flame retardancy without relying

upon additional fillers.
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whi ch are then cooled and dried. The final article is then fornmed by
injection nolding, the pelletized extrudates providing the feedstock
material for the nolding- process. The particular geonetric configuration
may vary WU&1%%48EEndi ng upon the end use, but here, fF%TUB%?P@O&é
extruded that were then used as test sanples for flanme retardancy. [0047]

Fol | ow ng the foregm ng process flow, two different fil I er |l oading |levels
were sel ect @8 ofherapavrercperted fama esyardansy fakgs omevip additiont! Sevificatdf needl e

shaped (al tgrdiadomaled b B Stafed tﬁeqna%ma%@r otR&r remfs%faaps‘éé)a pidvitleq boehmi te.
The sanples were tested according to UL 94V, utilizing the classifying

criteria beliowlieh fiegdioghmite ha@d8 hasTethy keen algleita oV de Govidd flamas 94V- 0 94V- 1
94Vv-2  Fl ang alrdrgﬁ(:yrghd %8 Tg %g&ggggém ﬁg%vcf{h@%eﬁl@%dﬂvrdut;ll_lzzed<505 <250s

-5250s @ ow i sarrb urn't anp? No
No No vyes/no tllﬂlsdoﬂ;lamobMSIlggnntvelIleBGﬂ@eéYésdhmtemdhbonasd [Ho@49a né& a result
of testing, bo oading | evel s provided the highly

Sesi rabl o e i el Bttt ok e S o RSE A B b or

various reagedipiaticer Waxanpl wishihhie HY-HQuidy ag puveisulachtey aelisatlised y noder at e
| oadi ng | evels, and w thout inclusion of add| tional flanme retardant

filters. It BHIOE et AORCENE PR Gtributesdp thedarmplaryiants Eleeeacymy be

i ncor por at edewe@%kﬁi m&rﬁa%lmﬁ@am roarhty @mt B8 ddelgb PBGhmick are
retardancy, t hough the particular seeded boehmte material described

above provi deateral fay waghe mRsplfesshteaturesticdirgs pvsn &exiad dhe wprhdogics el yi ng
upon add't'%g(l,r]tbfeh L& S con(qé&.om.tﬁgﬂﬁ@%ﬁ%@ggﬁ%ﬁ@&%&% [0050] The

above reported | ame retar ancy t akes i onal si gnl | cance
( elongated platelet and needle-shaped particulates. However, it is additionally

believed that the high aspect ratio morphologies enabled by seeded processing
pathway may also further contribute to the exemplary flame retardancy. The high
aspect ratio particles may provide a serpentine or tortuous pathway for oxygen
rﬁigration, thereby inhibiting flame propagation due to reduced oxygen migration to

the flame front or area.

[0051] Turning to FIG. 2, the results of thermogravimetric analysis (TGA) are
reported for whisker (needle) shaped boehmite, as compared to conventional ATH.
As shown, the needle-shaped bochmite particulate material loses crystalline (as
opbosed to adsorbed or absorbed) water at lower temperatures and continues losing
water at temperatures above ATH, extending into the 500°C range. The dynamics
associated with water loss associated with the seeded boehmite particuiate material

( Amay also partially explain the flame retardancy characteristics reported herein.

[0052] While the foregoing has focused on polymer composite components, such as
structural components, it is also noted that the pqumer compasite may also be in the
form of a surface coating solution, such as a polymer-containing paint formulation.
Of course, like the polymer component described above, the flame retardancy
characteristics are generally associated with the cured material. Accordingly, in the
case of surface coating solutions, flame retardancy is associated with the cured, dried

coating. For additional details of surface coating solutions, the reader is directed to
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when conpared to the state of the an. For exanple, other reports have been
provided in which fine boelmte material has only been able to provide
limted flane retardancy, and not V-0 as reported herein. However, the
boehm t e wadoné/e49863utilized in these other reports is geetiBEUal0§ 037410 a
seeded boehmite, and is forned through a non- seeded process, including
non- seeded hydrot hermal processing pathways, or by precipitation. Wile
not w shing doqaeh&in@m&d’abyt Apiylicpadnt 06828 A00 trheoAril 13t 2008, hebineyed that the

seeded processin ri butes npl ary fl ame retardanc
reporteg her qcﬁeq\éﬁgb \é\@é%ﬁg&e%ﬁ"ﬁ?ﬁwgﬁm’fr‘ Y”Ff%feg“is that the seeded d
boehmte nmaterial has uni que norphol ogi cal features, perhaps even beyond
t he norphol qgiss Acd@ﬂmrgn@eduraboa/sgedtermenneﬁ:ttdnomhevwm fefat B §llAthysecondar y
aspect rati os form n% el onqat ed pI atel et and needl| e- shaped partl cul ates.
However, it & bsdnibeiTernefiablensfillave earaait coneeENgHNEYdaE trop aife

mor phol ogi es, gnah} g%gaaenﬁp%ﬁaﬁc&ua{g%éa'b %tes&ﬁ@f}a%}& szo?Até%lJn#meer

contribute to the éxenplary flanme retardanc high aspect ratio
particles mikye pedadi h@ehrallts[eaﬂ‘p@mﬂr meteor! deerrbebuglepdtahowey Gomwemwygen

m gration, reh |b| I ati,on due duced oxygen
m gration to theyfal‘ gr(?ﬁ?dt 6;?:’(-52“ P'B%S Tlu urﬁterl‘énlS R aﬁF%S 2, the
results of tﬂ’nersmmgba;\l/aysgmﬁwmma a:rm,lsysm&rc(nTaﬂ?ﬁh)a a&mena)rzeﬂ(l:ratbed for whisker
(needl e) shaped boehmte, as corrpared to conventional ATH. As shown, the
needl e- shap m te te er.i l.oses, . cr | | I opposed
to adsorbed%jOSQ bsoP%‘é@? R"}p%g' 0 fg%t’er mC%dethemﬁlrlye%%gn 'VEOH msl'fgé | osi ng
water at tenpeluatiniaeg batvavétridd: Hf\sevetslﬁndimQMpli:mnﬁMaBé)ﬁ)fﬁeﬁMQe The

candu no th u / St t les n r

par 1 cut at o CRELERT 810 68y A BB STt Ry Gl 11 AP DK Rt BPbiancy
chiar acteri stléseshtaﬁ eOWIRe, b?rt.emﬁny suﬁl@@é?drtamic%@or{sP&;uﬂr@fgﬁ‘gﬁér?ﬁl Gatﬁﬂa‘roculsed on
ot LAt ot R BOnShcoTEE e 1 ERSTARoF a Surf ace”
coating sol %Mb@t,,orguch as a polyner-containing paint fornmulation. O
course, |like the polyner conponent described above, the flane retardancy

characteri stl cs are gt;eneral |y assocjiated with the cured material .
Accor di ngl y [0053 fgle thegayengpn Saprbregt Blugtendtd a7 dswribed i9rike copteahef ret ar dancy is

associ at ed WhdofFictetbo@iteRth, itW e threndOPol Belimif@%o Addbdil QBRI ndgERI | s Of
surface coating solutions, the reader is directed to
various modifications and substitutions can be made without departing in any way

from the scope of the present invention. For example, additional or equivalent
substitues can be provided and additional or equivalent production steps can be
employed. As such, further modifications and equivalents of the invention herein
disclosed may occur to persons skilled in the art using no more than routine
experimentation, and all such modifications and equivalents are believed to be within

the scope of the invention as defined by the following claims.
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13 MD 2006/049863 PCT/ US2005/ 037410 co-pending U.S. Patent Application
10/ 823, 400, filed April 13, 2004, Attorney Docket Number 1055- A4363,

i ncorporated herein by reference. [0053] According to a further aspect of
the invention, the fane retardant filler nmay also be in the formof a

bl end of flanme retardant conponents, including iron oxide, and a
vitrifying conmponent, such as netal borates, preferably zinc borate, along

with the seeded boehmte particul awlgg%%@gqgi bed in detail above,
Conventional ATH may al so be incorporated. er fiTler may include
materials such as glass fibers, nano-clays, alumna (e.g., subm cron al pha

al um na), and carbony, KOtk B%H‘E{‘ éoﬁsy urther include
thermal |y conductive fi I l'ers, suchB al unt na an@‘ % nitride. As a
result, the conposi temlmnehhmzm conductivity not |ess than about

0.5 WmK such as no Iesstha | ess than 0. W nK,
particul arl yusui t abl % @i&&@‘&@dﬁ%?@%ﬁm?mmm

f , h th 1S
ol Leations. “Lo0sa] wni | i SbFCoAS P Elo hoet i pilicllefy ARCRUNAME |

in the context of specifacaspottagineios lesk thahS: Yy whergitended to be linited
to the details shown, since, varioqus nodificati ons and substitutions can be
made wit hout departi g CPRRPAFE has 9%@{ degox;eb¥ed or Vilrascprdingda ULy ent i on:
For exanpl e, additional or equival ent substltues can be provided and

addi tional or equivalent production steps can be enployed. As such,
further nodification? Zheiccsapasitaloéelaim &f whereinithe eompaniie has & flsme artardroseel
may occur to pey;spns skilled in the art using no nore than routine
experinmentation, dnd all such nodifications and equivalents are believed to
be within the scope of the |nvent|on as deflned by the foll ow ng clains.

conpri Sing:  a pol yrbr Tisgaisite PRS0k R eoFRost BARER Bine oot

in the polymer hasgdwmigrial, the flarre

4. The composite of tlalin 3, wherein the composite is a polyter comaponent.

5. The composite of claim 1, whezein the polymer base material has a flame
retardency of V-2 or higher, 1::he filler functioning to improve the flame retardancy to
compogite to V-1 or V-0 according to UL 94, |

6. The composite of elaim 1, wherein the polymer base material is galected
Trom the group eonsisting of polyolefins, polyesters, fluoropolymears, polyamides,
polyimides, polycarbonates, palymears containing styrene, epoxy tesing, polyurethane,
polyphenol, silicone, and combinations thereof, |

- 15-



retardant filler conprising seeded boehmte particulate material having an
aspect-ratid of not less than 3t 1, wherein the conposite has a flane
retardanoy of V-0 or V-1 according to UL94. 2. The conposite of Maim 1,
/wherein the conposite has a flane retardancy of V-0. 3. The conposite of

~ claiml1, wherein the,gonposite has,said fla retardancy in cured form.

4. The conposite o '#E%B?mﬁﬁ’gﬁg%g'zWéﬂé pelymer bass materiatds a@8hponent .
S. The conposj gs;ﬁg; ' EE% =N terial s_a flane
retardancy of V- o‘f&hélg ?gt} , %@#ﬁ%ﬁﬁﬁ%% l%ﬂnclr’%?% géif“%?)c" %%Hﬁ?ﬁgmﬂ?arre
rctardancy toconsisiipg of pelyblefin, bolyestitedpalgaaidds, polyinidds, Slycabonkita, conposite
of claim 1, erein the polynmer base naterial is selected_ fromthe group
consi sting of %@m& <3PaXY Fasiisy bpiprpthene polmhyne], anfks
pol yi m des, pg&ag @ﬁg%&of_ pol ymers contai ni ng styrene, epoxy resins,

p pnhénol ;" 5i

pol yur et hane, ol'y | i cone, and eozpbi naiions thezeoL -15- | 1.
The conposite of elaim®6, wherein the polyner base material is a non-
cbiorittated pol yner.and i n | yorj nat olyner, a [ el ected
fromthe group c?ﬂ@f%@eﬂ?%&w , ?@E@%é‘?@%ﬁ@? ,
pol yt m des, ppkldas MBS comPeyBEr S contai ning styrene, iepoxy resins,
pol yur et hane, pol yphenol, an conbi nati ons thereof. 0'. The conposite of
claiml, wbarein the flame retardant filler further includes additional
conponents. 9. The gCOpPROS L {¥8, ' a:idlﬂfc' | '&mh ts
are sel ected fromcf'he g?dc?augosg%%@ls I ng %%%a?x?%éqn oxXl J%ggé\%ba Vi t"???ﬁ%@?
agent io . Thiomdthppoupeondistinpgaif inof oxidatand ejvitrifying wigédti f yi ng agent i ncl udes
zinc borate. 11 . The conposite of claim1, fuuther-conprising a thermally
conductive filler.

10, The coraposite of claim q , whetein the vilrifying agent includes zinc

borate.

}1 . The composite of claim 1, further comprising 2 thermally conductive
filler.

|2. The composite of claimn || , wherein the thermally conductive filler ia
selected from the group consisting of boron nitride and alumina.

13. The composite of claim 1, wherein the composite comprizes about 0.5 to
50.0 wi% flaine retardant filles.

V4 The composite of claim |3, wherein the composita comprises about 2.0 to
30.0 wi% flame retardmt filler.

I5. The cotuposite of claim 4, wherein the composite comprises about 2.0 to
15.0 wi% flame zetardant filler.

lo. The compasite of claim 1, wherein the seeded baehmite particulate
material has an aspect ratio of not less thax 4:1.

{1. The composite of claim 1, wherein the seeded boehmite particulate
material has an aspect ratio of not less than 6:1.
-16 -



12. The conposite of claiml 1 , wherein the Chet rally conductive filler

Is selected fromthe group consisting of boron nitride and alum na 13.. The
conposite of claim1, wherein the conposite conprises about 05 to 50.0 wt%
flame retardant fillbt. |+ The coiriposite of claim11l, wherein the

. conposite conprises about 2.0 to 30.0 nu/6 flane retardant fill'. 15. The
conposite of claimlip, wherein the conposite_ conprises about 2.0 to 15.0

wt % fl ane r et aléiahie gomposite ofclaimnt wihsnein $ia seedsd kaehmite pattiontatei n t he seeded
boehm te a&'!aﬂidl Lial pect redo of not less than 4:1. 11.
The corrpogﬁe 0 g*lglsprﬁ ,a%mgfl%crlgs%ttﬁ%%g‘eded boebmte particulate materi al
has an aspect ratio of not less than 6:1. -16 IS, The conposite of claim1,
wherein the segded Jboehm t articulate . materi.al has an aspect ratio of
not | ess thane\gﬁlgd%gm %@@%%W%%IWPS%WOQ te, eonpasing: a
pol ynmer base n@%ﬁgﬁ@}hmg%té\m.m retardant filler provided in the polymer
base material, the flame retardant fllei- conprising seeded boehnite

{)ﬁrt i culda'élebnazﬂgt?atmdta@trﬂllutpmhféntheimbmenﬂ@mm:erhhsham 3:1, I V\/[lelr eE[ n
e seeded boehnmite parti ate nmterial .predoni nan conpr.i ses. pl at el et -
Zgap_(le_ﬂ parti cl ets, H&&F‘iﬁ‘_t g.:é’m:gm_sﬁ‘%‘i%&%ﬁ%%ga@ﬁ m‘Pn‘?EEI i 3: 1. t
, e conposite . : e ary aspect ratio is no
e

|l ess than 61. 21 . conmposi ai'm 10, wherein the secondary aspect
ratio i s not |iheseededbochhfitelpartidiiiatd materiabmedominantly compriseh plattler-ei n t he

seeded boehmte particul ate. material predom nantl ) I ses edl e- shaped
particles. 23. The W@%@%Pﬁ%ﬁgwmg%%gg&éﬁ%@gﬁaped
particles have a secondary aspect ratio of not (greater than 3; 1.
20, The composite of claim |9, wherein the secondary aspect ratio is not less
than 6:1.

2| . The composite of claitm 20, wherein the secondary aspect ratio is not less

than 10:1.

22, The composite of claim 1, wheroin the seeded boelimite pariiculate
material predominantly comprises needle-shaped particles.

23. The composite of claim 22, wherein the needle-shaped particles bave a
secondary aspect ratio of notigreatar than 3:1.

24. The compositz of claim 23, wherein the secondary aspect ratio is not
greater than 2:1,

25. The composite of claim 1, wherein the average particle size of the seeded
bochmite particulate material is not greater them 1000 nm.

26, The composite of claim 25, wherein the average particle size is between
about 100 and 1000nm-

1. The composite of elaim 26, whersin the average particle size is not greater
than 800 nm.



try.. The conposite of claim23, wherein the secondary aspect ratio is not
greater than 2:1. 25. The conposite of claim1, wherein the average

parti-cl e size of the seeded boehnite particulate material is not greater
t.han 1000 nm 26. The conposite of cl ai m 25 wherein the average particle

size is between 100 and llchOnm : The conposite of el aim 26,
wherein the avera%O h@ﬂoth@F%fl@rﬂVmﬂeﬁﬂ@Gbmmmt@We
conposite of j¢ vvherer n the average particle size is not greater

t han 600 m. The corrposrte of claim23 , wherein the average particle
size is not greater t han 500 ram 30 The conposite of danme 29, wherein

t he average parti ze tha 400 tam .The conposite
of claim 3D, vvhergqn 'fbr? E&% “8 jAYCT3gE P sgemp%erear&) "m

32. The conpQsiat soPAmc! ai m 1, wher ein the boehm te particulate material has
a specific surface area of not | oss than about 10 nR2/g. 33 The conposite
of claim32, wherein the specific surface area is not |less than about 50

n2/g. 3i} . The ¢ A wl o hoe L Bt jfd .G eais
not i ess i han abolt 6 gt @ Mg, WHEhE e BP Rk Al Bl
speci fic surfthaedlma. i s not greater than about 400 n2/g. 36. A nethod of
formng a flame retardant pol ynmer conposite, conprising: providing a

pol ymer base material; and conbining a flane retardant filler with the

pol ymer base mat ey aITﬂemaﬁ@omé&ﬁlmﬂmWhe@ixﬁﬂe@a&aﬁ@bmk sPRTPRGH dréated he
flame retardant ;' | I er conpri sing seeded hoehnfte particul ate materi al

havi ng an asﬁg@r

32. The composite of claim 1, wherein the boehmite particulate material hes a
specific surface area of not ldss than about 10 m%g.

33 . The composite of claim 32 , wherein the specific surface area is not less
fhan gbout 50 m¥/g.

34. The composite of claim 33 , wherein the specific surface area is not less
than about 70 m¥/g.

35. The composite of claim 34, wherein the spacific surface area is not greater
than about 400 m*/g,

36. A method of farming a flame retardant polymer composfce comprising:

providing a polymst base materisl; and

combining 2 flame retardant filler with the polyrer base materia] to form the
flame retardant polymer composite, the flame retardant filler
comprising seeded boshmite particnlate material having an aspect ratio
of not less thamn 3:1, wherain

the composite has a flame retardancy of V-0 or V-1 according to UL94,

37. The method of claim 36, further including shepe forming following
combining, the flame retardaint composite being a polymer component.
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of not l'ess tha>a'"3;1, wherein the conposite has a flane retardancy of V-0
or V- | according to UL94. 31. The nethod of claim 36, further including
shape formng followi ng conbining, the flanme retardant conposite being a
pol ynmer conponent. -18 3g . The raethod of claim 36, wherein the flane
retardant conposite is a ,surface coating solution. 39. The nethod of
claim 36, wherein the conposite has a flane retardancy of V-0. 0. The

met hod of cl ai 88.9Thenetheil of eliien 36| wiereinhksfematataidait doamositd isare
ret ardanc f V-2, or gmgher the filler functioning to inprove the flane
r et ar dan. 41acg CORBBFOUPR t 0 V-1 or V-0 accnrding to UL 94. -19

39, The method of clhim 36, wherein the composite has a flame retardancy of
V-0.

40. The methad of olaim 3¢, whercin the polymer base material has g flame
retardancy of V-2 or higher, the filler functioning to improve the flame retardancy to
composite to V-1 or V-0 according to UL 94,
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